INTRODUCTION
============

Since its approval by the United States FDA in 1996, intravenously administered tissue plasminogen activator (IV-tPA) remains the only established pharmaceutical therapy for acute ischemic stroke (AIS).^[@R1]^ Per the National Institute of Neurological Disorders and Stroke (NINDS) trial, the recommended dose of IV-tPA is 0.9 mg/kg (maximum 90 mg).^[@R1]^ In consideration of racial differences in blood coagulation--fibrinolysis factors, cost of treatment, and risk of symptomatic intracranial hemorrhage (SICH), a low-dose (or even variable-dose) IV-tPA regimen is frequently administered in many Asian hospitals. Thrombolytic therapy experience in Japanese AIS patients has demonstrated a low-dose IV-tPA regiment (0.6 mg/kg) might be more suitable for the Asian population.^[@R2]--[@R7]^ However, all the Japanese clinical studies were single-arm observational studies, and no other studies offer high-level evidence in support of the low-dose IV-tPA regimen. The optimal IV-tPA dose for AIS remains unknown in the absence of randomized validation. We have conducted a meta-analysis of controlled cohort studies comparing the efficacy and safety of low-dose versus standard-dose IV-tPA treatment in AIS patients.

MATERIALS AND METHODS
=====================

Ethics Statement
----------------

The MOOSE (Meta-Analysis of Observational Studies in Epidemiology) guidelines were followed in performing the present meta-analysis.^[@R8]^ This study did not involve patients, so ethical approval was not required.

Search Strategy
---------------

To identify all potential studies related to the efficacy and safety of differential dose IV-tPA without bias, a systematic literature search was conducted using PubMed and EMBASE, within the time parameters January 1990 to September 2015. The following search terms were used: "cerebrovascular accident," "stroke," "ischemia," "cerebral infarction," "cerebral artery occlusion," "thrombosis," "AIS," "thrombolytic treatment," "thrombolysis," "tissue plasminogen activator," "tPA," "alteplase," "dose." No restrictions were imposed. Additionally, reference lists of all retrieved papers and recent reviews were reviewed.

Study Selection
---------------

An initial screening of titles/abstracts was performed. A second screening reviewed full-text. Studies were considered eligible if the following criteria were met: The study design was a cohort study; enrolled ischemic stroke patients were treated with low- or standard-dose IV-tPA; functional outcome 3 months after treatment was recorded; and safety data (SICH and mortality) were recorded.

Data Extraction
---------------

Data extraction was performed via standardized data-collection form, which included: publication reference, country, dose of IV-tPA administered, number of participants, age, gender, baseline National Institute of Health Stroke Scale (NIHSS) score, time from symptom onset to treatment initiation with IV-tPA, favorable functional outcome at 3 months \[defined as modified Rankin scale (mRS) score 0--1\], mortality within 3 months, and incidence of SICH \[defined as intracranial hemorrhage within 36 hours resulting in neurological deterioration (increased NIHSS score by ≥4 points) unless otherwise specified\]. Low-dose IV-tPA was defined as \<0.85 mg/kg, and doses 0.85 to 0.95 mg/kg were defined as standard-dose. 0.85 mg/kg was chosen as the cut-off point, because 0.85 mg/kg has been demonstrated to have similar efficacy as 0.95 mg/kg.^[@R9]^ Two investigators (M.D.L. and W.D.N.) independently extracted the data and graded the methodological quality of each eligible study using the Newcastle--Ottawa Scale (NOS).^[@R10]^ Discrepancies were resolved by discussion with a third investigator (Y.Q.), or referencing the original publication.

Statistical Analysis
--------------------

Dichotomous data (eg, SICH incidence, percentage of favorable functional outcome, mortality) were analyzed via odds ratio (OR). The Mantel--Haenszel (MH) approach was implemented by either fixed- or random-effects models, based upon included study heterogeneity.

The heterogeneities of the studies were assessed using the χ^2^ test and I^2^ statistic, with *P*~heterogeneity~ \< 0.1 or I^2^ \> 50% considered to be statistically significant.

Publication biases were assessed by visual examination of funnel plots, and were confirmed by analytic methods such as the Begg rank correlation test and Egger linear regression test.^[@R11],[@R12]^ A *P*-value less than 0.05 indicated significant publication bias.

All analyses were performed via Review Manager (version 5.2, The Cochrane Collaboration, Oxford, UK) and Stata (version 12.1, Stata Corporation, College Station, USA).

RESULTS
=======

Literature Search
-----------------

One thousand two hundred eleven citations were initially retrieved from PubMed and EMBASE. The majority were excluded based upon abstracts or titles, due to being reviews, case reports, animal trials, or irrelevancy to our analytic aim. After full-text review of 21 papers, 11 articles were excluded, because: 7 studies utilized low-dose IV-tPA treatment without a standard-dose IV-tPA treatment group,^[@R2]--[@R7]^ 1 study employed low-dose IV-tPA with urokinase,^[@R13]^ and 3 studies did not report SICH incidence.^[@R14]--[@R16]^ Ten studies were ultimately included in our meta-analysis.^[@R17]--[@R26]^ Study selection workflow is schematically shown in Figure [1](#F1){ref-type="fig"}.

![Study selection workflow schematic.](medi-94-e2412-g001){#F1}

Study Characteristics and Quality
---------------------------------

Table [1](#T1){ref-type="table"} lists the characteristics of the 10 included cohort studies, all published between 2006 and 2015. All studies were conducted in Asia (6 in China, 1 in Korea, 1 in Vietnam, 1 in Singapore, and 1 in Thailand). Individual study cohort size ranged from 34 to 1526 (total 4389). Across all studies, the dose of administered IV-tPA ranged from 0.5 to 0.95 mg/kg (doses ranging from 0.5 to 0.85 mg/kg were included in the low-dose group). There was no significant difference in any study\'s reported time between symptom onset and IV-tPA treatment initiation. Two studies reported significant patient age differences,^[@R19],[@R25]^ and significant differences in gender were reported in 5 studies.^[@R17],[@R18],[@R20],[@R22],[@R24]^Table [2](#T2){ref-type="table"} lists the quality assessment for all included studies.

###### 

Characteristics of the Nine Included Cohort Studies

![](medi-94-e2412-g002)

###### 

Quality Assessment of the Nine Included Cohort Studies

![](medi-94-e2412-g003)

Functional Outcome
------------------

Several studies included in our analysis reported distinctly divergent outcomes from differential dosing of IV-tPA. However, when employing a random-effect model, our meta-analysis revealed no statistically significant difference in favorable functional outcome at 3 months between the standard- and low-dose IV-tPA groups (heterogeneity: χ^2^ = 17.45, *P* = 0.03, I^2^ = 48%; OR: 0.88 \[95% CI: 0.71--1.11\]; *P* = 0.28) (Figure [2](#F2){ref-type="fig"}).

![Relationship between IV-tPA dose and favorable functional outcome (0--1) at 3 months.](medi-94-e2412-g004){#F2}

Safety Outcome
--------------

Only 1 study in our analysis reported significant relationship between low-dose IV-tPA and SICH \[SICH occurred more frequently with low-dose IV-tPA (14.5%, 7 out of 48 patients) compared to standard dose (1.2%, 1 out of 82 patients), *P* = 0.004\].^[@R25]^ A random-effects model demonstrated no significant difference in SICH incidence between the standard- and low-dose IV-tPA groups (heterogeneity: χ^2^ = 14.41, *P* = 0.11, I^2^ = 38%; OR: 1.19 \[95% CI: 0.76--1.87\]; *P* = 0.45) (Figure [3](#F3){ref-type="fig"}). Nine of the 10 studies included in our analysis described mortality data in each dosing group arm. Analysis by a fixed-effects model demonstrated no significant mortality difference within 3 months between the standard- and low-dose IV-tPA groups (heterogeneity: χ^2^ = 6.73, *P* = 0.57, I^2^ = 0%; OR: 0.91 \[95% CI: 0.73--1.12\]; *P* = 0.37) (Figure [4](#F4){ref-type="fig"}). Notably, 2 included studies demonstrated patients aged 70 years and older experienced increased functional and safety outcomes when receiving lose-dose IV-tPA compared to standard-dose (Table [3](#T3){ref-type="table"}).

![Relationship between IV-tPA dose and symptomatic intracranial hemorrhage.](medi-94-e2412-g005){#F3}

![Relationship between IV-tPA dose and mortality within 3 months.](medi-94-e2412-g006){#F4}

###### 

Comparison of Treatment Results Between Patients Aged ≥70 Years Receiving Standard (0.9 mg/kg) or Low-Dose IV-tPA

![](medi-94-e2412-g007)

Publication Bias
----------------

Visual inspection of the funnel plot did not identify substantial asymmetry (Figure [5](#F5){ref-type="fig"}). Neither the Begg rank correlation test, nor the Egger linear regression test, indicated evidence of publication bias among studies concerning favorable functional outcome (Begg, *P* = 1.00; Egger, *P* = 0.93), incidence of SICH (Begg, *P* = 0.72; Egger, *P* = 1.00) or mortality (Begg, *P* = 0.47; Egger, *P* = 0.37).

![Funnel plot assessing publication bias. (A) Funnel plot of favorable functional outcome at 3 months. (B) Funnel plot of symptomatic intracranial hemorrhage. (C) Funnel plot of mortality within 3 months.](medi-94-e2412-g008){#F5}

DISCUSSION
==========

The basis for standard IV-tPA dosing for AIS patients is derived primarily from 2 pilot dose escalation studies.^[@R9],[@R27]^ Nevertheless, even these 2 studies conducted by the NINDS investigators yielded no conclusive results concerning the optimal dosage for AIS.^[@R7]^ In the recent years, several cohort studies have investigated whether standard-dose IV-tPA was superior to low-dose IV-tPA, but no consistent results have been reported. We therefore conducted a meta-analysis to provide a quantitative assessment of available data.

Administration of low-dose IV-tPA for AIS first began in 2006. Due to concerns the Asian population experienced increased rates of tPA-related intracranial hemorrhage from racial differences in blood coagulation fibrinolysis factors, the Japan Alteplase Clinical Trial (J-ACT) tested the efficacy and safety of low-dose IV-tPA regimen (0.6 mg/kg).^[@R7]^ A prospective cohort study that evaluated 103 patients presenting within 3 hours of AIS, the J-ACT demonstrated low-dose IV-tPA provided comparable benefits to the IV-tPA dose employed in the NINDS trial.^[@R7]^ Encouraged by the J-ACT, a series of clinical studies employing low-dose IV-tPA (0.6 mg/kg) were subsequently conducted in Japan, and demonstrated further low-dose IV-tPA provided similar, or even superior efficacy and safety, in comparison to standard-dose therapy in Western patients (Table [4](#T4){ref-type="table"}).^[@R1]--[@R7],[@R28],[@R29]^ These studies suggest low-dose IV-tPA may be associated with decreased SICH incidence.^[@R30]^

###### 

Results of the NINDS, SITS-MOST, SITS-NEW, and Japanese Low-Dose IV-tPA Studies

![](medi-94-e2412-g009)

Most strokes occur in elderly people. Investigations of the relationship between age and outcome from IV-tPA therapy concluded older patients experienced greater risk of severe hemorrhagic transformation post-tPA treatment.^[@R31],[@R32]^ Chao et al conducted the Taiwan Thrombolytic Therapy for Acute Ischemic Stroke (TTT-AIS) and TTT-AIS II, which were prospective observational studies directly comparing the efficacy and safety outcomes of different IV-tPA regimens in Taiwanese patients aged 70 years and older.^[@R19],[@R23]^ The TTT-AIS reported significantly decreased SICH rates (3.3% vs. 15.4%, *P* = 0.0257), mortality (5.0% vs. 21.1%, *P* = 0.0099), and significantly increased rates of patient independence (mRS score 0--2, 53.6% vs. 23.6%, *P* = 0.0311) in patients 70 years and older receiving low-dose versus standard-dose IV-tPA (SICH in the TTT-AIS was determined per the European Cooperative Acute Stroke Study criteria).^[@R23]^ In patients aged 71 to 80 years, the TTT-AIS II revealed significantly increased symptomatic intracerebral hemorrhage (*P* = 0.0130), and less favorable functional outcome (*P* = 0.0179), with increasing IV-tPA doses.^[@R19]^ The TTT-AIS II excluded patients aged greater than 80 years, due to fears of excess SICH risk. Takayanagi et al^[@R2]^ compared the safety of low-dose IV-tPA (0.6 mg/kg) between a younger (70 patients, less than 80 years old) and older patient group (17 patients, 80 years and older). In this study, the authors report no significant difference in SICH incidence between the younger (4.3%) and older (0%) groups (*P* = 0.61), concluding low-dose tPA therapy appears as safe and feasible for AIS patients young and old (greater than 80 years) alike.^[@R2]^ All the aforementioned studies suggest low-dose IV-tPA may be more suitable than standard-dose IV-tPA for the elderly AIS population.

While 85% of strokes worldwide occur in developing countries, the number of patients receiving IV-tPA in such countries is extremely low.^[@R33],[@R34]^ Financial constraints remain a primary reason for low utilization of thrombolytic therapy in developing countries. The cost of standard-dose IV-tPA in developing countries is \$1400 (USD) per patient, a notably heavy burden for most patients.^[@R35]^ In Iran, only 30% of stroke patients can afford to pay for IV-tPA out of pocket.^[@R36]^ A study from Northwest India reported that, among 22 patients eligible for thrombolysis, only 5 actually received IV-tPA, because the remaining patients were unable to afford the high cost of treatment.^[@R37]^ If the efficacy and safety of low-dose IV-tPA could be confirmed by randomized controlled studies, reductions of pharmaceutical cost could be passed downstream, alleviating the financial burden faced by prospective patients.

Our study carries several limitations. Firstly, "low-dose" IV-tPA in various included studies ranged from 0.5 to 0.85 mg/kg. This wide dose range reduced the accuracy of comparison results. Secondly, the sample sizes of some included studies were limited. In one study, only 2 patients treated with low-dose IV-tPA.^[@R26]^ A limited patient population limits result reliability. Thirdly, all included cohort studies were conducted in Asian populations. The resultant meta-analytical conclusions cannot be broadly applicable to all world population groups due to racial genetic differences. However, 1 study from Czech Republic, which was excluded for lacked data on incidence of SICH, also concluded that in clinical practice, the actual dose of t-PA often differed from the recommended dose of 0.9 mg/kg, but this had no significant impact on the outcome after t-PA treatment.^[@R15]^ The optimal IV-tPA dose for AIS might need reassessment, not just in Asian populations but also in other population groups around the world.

The current meta-analysis of nine selected cohort studies suggests low-dose IV-tPA is comparable to standard-dose IV-tPA in terms of safety (defined by SICH incidence and mortality) and efficacy (defined by favorable functional outcome). Additionally, low-dose IV-tPA may be more suitable than standard-dose IV-tPA for patients aged 70 years and older. Moreover, the reduced cost of low-dose IV-tPA will be of financial benefit, which may promote applicability of thrombolytic therapy in developing countries. However, randomized and controlled trials are necessary to confirm these derived conclusions. Physicians must remain cautious in clinical practice when considering low-dose IV-tPA treatment of AIS patients. In summary, our analysis demonstrated comparable efficacy and safety between standard- and low-dose IV-tPA.

Abbreviations: AIS = acute ischemic stroke, IV-tPA = intravenous tissue plasminogen activator, J-ACT = Japan Alteplase Clinical Trial, MOOSE = Meta-Analysis of Observational Studies in Epidemiology, mRS = modified Rankin scale, NIHSS = National Institute of Health Stroke Scale, NINDS = National Institute of Neurological Disorders and Stroke, OR = odds ratio, SICH = symptomatic intracranial hemorrhage, TTT-AIS = Taiwan Thrombolytic Therapy for Acute Ischemic Stroke.
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